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FOREWORD 


At  the  workshop,  Dr.  Harrison  H.  Schmitt  emphasized  that  the  nations  which 
effectively  exploit  the  advantages  of  space  will  lead  human  activities  on  earth.  The 
major  space  goal  of  the  National  Aeronautics  and  Space  Administration's  Office  of 
Aeronautics  and  Space  Technology  (OAST)  is  to  provide  enabling  technologies, 
validated  at  a  level  suitable  for  user-readiness,  for  future  space  missions  in  order  to 
ensure  continued  U.S.  Leadership  in  space.  An  important  element  in  accomplishing 
this  goal  is  the  In-Space  Technology  Experiments  Program  whose  purpose  is  to  explore 
and  validate  in  space  advanced  technologies  that  will  improve  the  effectiveness  and 
efficiency  of  current  and  future  space  systems.  OAST  has  worked  closely  with  the 
aerospace  community  over  the  last  few  years  to  utilize  the  Space  Shuttle,  expendable 
launch  vehicles,  and,  in  the  future,  the  Space  Station  Freedom  for  experimentation  in 
space  in  the  same  way  that  we  utilize  wind  tunnels  to  develop  aeronautical 
technologies.  This  close  cooperation  with  the  user  community  is  an  important,  integral 
part  of  the  evolution  of  the  In-Space  Technology  Experiments  Program  which  was 
originated  to  provide  access  to  space  for  technology  research  and  experimentation  for 
the  entire  U.S.  aerospace  community. 

On  December  6  through  9,  1988,  almost  400  researchers,  technologists,  and  managers 
from  U.S.  companies,  universities,  and  the  government  participated  in  the  OAST  IN¬ 
STEP  88  Workshop.  The  participants  reviewed  the  current  in-space  technology  flight 
experiments,  identified  and  prioritized  the  technologies  that  are  critical  for  future 
national  space  programs  and  that  require  verification  or  validation  in  space,  and 
provided  constructive  feedback  on  the  future  plans  for  the  In-Space  Technology 
Experiments  Program.  The  attendees  actively  participated  in  the  identification  and 
prioritization  of  future  critical  space  technologies  in  eight  major  discipline  theme 
areas.  These  critical  space  technologies  will  help  focus  future  solicitations  for  in-space 
flight  experiments.  The  material  within  these  four  volumes  is  the  culmination  of  the 
workshop  participants'  efforts  to  review  the  planning  for  the  future  of  this  program. 
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Chief  Engineer 
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INTRODUCTION  TO  VOLUME  II 


NASA's  Office  of  Aeronautics  and  Space  Technology  (OAST)  conducted  a  workshop 
on  the  In-Space  Technology  Experiments  Program  (IN-STEP)  December  6-9,  1988,  in 
Atlanta,  Georgia.  The  purpose  of  this  workshop  was  to  identify  and  prioritize  space 
technologies  which  are  critical  for  future  national  space  programs  and  which,  require 
validation  in  the  space  environment.  A  secondary  objective  was  to  review  the  current 
NASA  (InReach)  and  Industry/University  (Out-Reach)  experiments.  Finally,  the 
aerospace  community  was  requested  to  review  and  comment  on  the  proposed  plans  for 
the  continuation  of  the  In-Space  Technology  Experiments  Program.  In  particular,  the 
review  included  the  proposed  process  for  focusing  the  next  experiment  selection  on 
specific,  critical  technologies  and  the  process  for  implementing  the  hardware 
development  and  integration  on  the  Space  Shuttle  vehicle.  The  product  of  the 
workshop  was  a  prioritized  listing  of  the  critical  space  technology  needs  in  each  of 
eight  technology  disciplines.  These  listings  were  the  cumulative  recommendations  of 
nearly  400  participants,  which  included  researchers,  technologists,  and  managers  from 
aerospace  industries,  universities,  and  government  organizations. 

The  identification  and  prioritization  of  the  critical  space  technology  needs  were 
initiated  by  assigning  NASA  chairpersons  (theme  leaders)  to  the  eight  major 
technology  disciplines  or  themes  requiring  consideration.  These  themes  were  as 
follows: 


-  space  structures 

-  space  environmental  effects 

-  power  systems  and  thermal  management 

-  fluid  management  and  propulsion  systems 

-  automation  and  robotics 

-  sensors  and  information  systems 

-  in-space  systems 

-  humans  in  space 

In  order  to  provide  further  structure  within  each  theme,  the  chairpersons  divided  their 
themes  into  three  theme  elements  each.  The  theme  element  concept  allowed  focused 
technical  discussions  to  occur  within  the  broad  discipline  themes.  For  each  theme 
element,  the  theme  leader  selected  government,  industry,  and  university  experts  to 
present  the  critical  space  technology  needs  of  their  respective  organizations.  The 
presentations  were  reviewed  and  discussed  by  the  theme  audiences  (other  members  of 
the  aerospace  community),  and  prioritized  lists  of  the  critical  technologies  which 
require  verification  and  validation  in  space  were  established  for  each  theme  element. 
The  comments  and  conclusions  for  each  theme  were  incorporated  into  a  summary 
listing  of  the  critical  space  technology  needs  and  associated  flight  experiments 
representing  the  combined  inputs  of  the  speakers,  the  audience,  and  the  theme  leader. 
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The  critical  space  technology  needs  and  associated  space  flight  experiments  identified 
by  the  participants  provide  an  important  part  of  the  strategic  planning  process  for 
space  technology  development  and  provide  the  basis  for  the  next  solicitation  for  space 
technology  flight  experiments.  The  results  of  the  workshop  will  be  presented  to  the  IN¬ 
STEP  Selection  Advisory  Committee  in  early  1989.  This  committee  will  review  the 
critical  technology  needs,  the  funding  available  for  the  program,  and  the  space  flight 
opportunities  available  to  determine  the  specific  technologies  for  which  space  flight 
experiments  will  be  requested  in  the  next  solicitation. 

These  proceedings  are  organized  into  an  Executive  Summary  and  four 
volumes:Executive  Summary;  In-Reach /Out-Reach  Experiments  and  Experiment 
Integration  Process  (Volume  I);  and  Critical  Technology  Presentations  (Volumes  II 
and  III). 

Volume  II  contains  the  theme  introduction  given  by  the  chairperson,  the  critical 
technology  presentations  for  each  theme  element,  and  the  summary  listings  of  critical 
space  technology  needs  for  each  theme.  The  introduction  for  each  theme  includes  the 
chairperson's  overview  of  the  theme  and  its  theme  elements,  along  with  instructions  for 
the  participants.  The  critical  technology  presentations  are  as  described  above,  and  the 
summaries  are  the  listings  of  critical  space  technology  needs  and  associated  flight 
experiments  as  discussed  above.  This  volume  contains  the  documentation  for  the 
following  four  themes:  space  structures,  space  environmental  effects,  power  systems 
and  thermal  management,  and  fluid  management  and  propulsion  systems. 
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Priority  listing  of  critical  space  technology  needs  and 
associated  space  flight  experiments,  recommended  by 
aerospace  community. 
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TECHNOLOGY  GAPS  IN  PROPOSED  EXPERIMENTS 
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DEVELOP  FnEE  FLYING  STRUCTURAL  DYNAMICS  EXPERIMENT 
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SPACE  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 

STRUCTURES  DECEMBER  6-9, 1988  STRUCTURES 
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•  New  NDE  methods  coining  along 

•  In-space  testing  required 
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Dynamic  characteristics  •  Measurement  techniques 
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Embedded  devices 
Optical/laser  measurement  systems 


SPACE  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
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Boulder,  CO  80309-0429 
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Joining/Assembly  Design  and  Test  Method 


40 


Thermal  Transients  and  Shape 


Models  and  Experimental  Data  Can  Be  Shared  by  Many  Institutions 
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Pull  Instrumentation  and  Systems  Integration 
Use  of  Space  Crane  for  Construction  Demands 
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TRADE: 

SHUTTLE-ATTACHED  VS  FREE  FLYERS 


SPACE  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 

STRUCTURES  DECEMBER  6-9,  1988 


cs) 

o 


CD 


cn 

< 


cn 


CQ 

< 

z 

LU 

LU 


£2fc 

CO  x 

GO 
'LU 
O 


CO 

LU 


O 

h- 

o 

< 

GC 

LU 


< 

X 

CO 

< 

CO 

< 


LU 

CC 

3 

H 


CO 
LU 
CC 

g* 

occ 

30 

QC  LU 

S3 

Oo 

O  LU 
Oh 


h- 

co 


^2o 

O  co 
ccco 

X  LU 

>-  -1 

CD^ 

o< 

O I — 

ZX 

S  CD 
CJ  <; 


LU 

h- 

CO 

O 

LL 

O 


X 

< 

O 


CO 


ow 

<w 

i—  > 

zO 

LU  CC 

2^ 

lu2 

Xl— 

cno 

lull 

Q-  — 

go 

CL  CO 


X 

o 


< 

co 

LU 

CO 

CO 

< 

CL 

2 

OCO 

go 

mg 

x!z 

Qo 

xo 

§Q 

LU  ? 


CO 
UJ 
X 
3 
I — 
O 
3 
X 
H 
CO 

<co 


X 

o 

CO 

Q 

§ 

LU 


> 


LU 


O 

LUX 

>LU 

o>- 

LUu 

U _ I 

LU< 
LU  CC 

co  CD 

—  LU 

CO  t 
O  — 


LU 

> 

LU 

Q 


g 


f- 

LU 

< 
X 
O 
LU 

tro 

0< 

x  o1- 

LlCO 

LU? 

hQ 

9o 

5* 

i< 


X 

o 

D 

< 


< 

o 

o 
< 
<x 

z°- 

Ox 

q£ 

UJ  LL 

X  CD 

<0 

x  u 


UJ 

CO 

< 

X 

< 

CO 

< 


X 

o 

LU 

h- 

co 

X 

f— 


Q 

LU 

Z 

Z 

< 

u 

X 

CO 

X 

o 

< 

o 

X 

X 

X 

< 

h- 

LU 

2 

X 

LU 

X 

X 

LU 

H 

CD 

u 

X 

X 

> 

h- 

< 

> 

X 

LU 

CO 

o 

o 

< 


50 


-ON-ORBIT  TEST  WHEN  READY  AND  NEED  EXISTS 

-STUDY  WAYS  TO  REDUCE  FLIGHT  EXPERIMENTS 

-STUDY  ADVANTAGES/DISADVANTAGES  OF  SMALL-SCALE  VS 
LARGE-SCALE  FLIGHT  EXPERIMENTS 
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Space  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  control 
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light-weight  active  isolators 


r 


z 


U 

< 


zn 


Q 

a 

a 

z 

a 


x 

a 


z 

o 


a 

o 

a 

H 

Z 

o 

u 


a 

0 


GJ 

u 


<D 

'S 

rs 

£ 

Tj 

a 

fw 

£ 

T5 

W 


a 

a 

cc 

GJ 

to 

0 

to 

.5 

"a 

O 

GJ 

i— 

<-< 

’5b 

r; 

t3 

0) 

<J 

cc 

a 

co 


57 
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Other  defense  configurations 
Non  space  configurations 
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Hardware  Development 
Test  and  Verification 
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Design  for  zero  CTE,  large  size,  long  lifetime  and  low  density 
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Provide  required  passive  damping 

Provide  frequency  regimes  for  controller  rolloff  where  modes 
are  suppressed 
Modeling  of  micro-dynamics 


Space  In-Space  Technology  Experiments  Workshop  Control/Structure 

Structures  December  6-9, 1988  Interaction 


z  2 
a  E 

£  < 


a  ^ 
>  ^ 

« g 

a  *< 


5  « 

£  a 


C  -Q 
O  cc 

£  £ 

Cl.  ns 


O  CO 


O  a 
50  O 


O  J3 

3  y 


5  2 

U  t3 


O  OJ 

*—  a 

O  i 
£  8 
•e  S. 

<u  cn 

a 

£ 

T3 

a 

cc 


CO 

0> 

a* 

T=  Si 
c  3 
«  Q- 

2  £ 
o>  o 
*a  a 

£  13 
3  C 
£  cb 

O  CO 
rr  a 

U—l  O 


o  CD  C  ~  ±s  O 
T,  *r  s  £  ’P  ^  ‘-5 


«  5 

CD  P 


T;  <C 
C  3 

§**§ 

X 

w 


OT3  | 
a  0)  2 

i 

jgo  s 

•w  ^  cs 

0)  o  X 
T3  u  it: 

•  —I  o_> 

>  0>  c 
0^1  0) 

o"!  *5 


63 


Verify  that  control  hardware  and  software  is  effective  and 
robust 
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Demonstration  of  capabilities,  to  increase  confidence  in  the 
maturity  of  CSI  technology 

Development  of  a  spacecraft  qualification  procedure,  to  be  used 
in  the  "flight  test"  of  future  vehicles  which  use  CSI  technology 
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organization^  1  MARSHALL  SPACE  FLIGHT  CENTER 
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oo  MODEL  COMPARISON 
oo  MODEL  CHANGES  OR  UPDATES 


organization:  MARSHALL  SPACE  FLIGHT  CENTER 
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ORGANIZATION:  I  MARSHALL  SPACE  FLIGHT  CENTER 
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ORGANIZATION:  I  MARSHALL  SPACE  FLIGHT  CENTER 
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00  IMPACT  OR  IMPULSE 

oo  SINGLE  AND  MULTI -POINT  RANDOM 

oo  SINE  DWELL 


MARSHALL  SPACE  FLIGHT  CENTER 
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oo  CONTROLS  STRUCTURES  INTERACTION 


organization:  MARSHALL  SPACE  FLIGHT  CENTER  NAMt 
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organization.  1  MARSHALL  SPACE  FLIGHT  CENTER 
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Space  transportation  vehicles  *  Robustness 

•  Advanced  Launch  System  •  Adaptive  control  and  estimation 

•  Shuttle  C*  TVC  actuation 

•  Orbital  transfer  vehicles 
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reconfiguration  of  multiple  sensors/actuators 
Parallel  processing  (e.g.,  neural  networks) 


STRUCTURES  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  CONTROLS 

(DYNAMICS  AND  DECEMBER  6-9, 1988 
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Common  database  executive  and  interface  programs 
Integrated  system  analysis  and  design  optimization 


-3 

C 

3 

5JQ 


80 


♦  Micro-g  environment 

Advanced  component  technology  verification 

*  Non-ground  testable 
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THEME  PROBLEMS,  EXPERIMENTS 
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IMPACT  ON  HARDWARE  COMPONENT  DESIGN 
(SUBSYSTEM  SPECS  FROM  SYSTEM  GOERS) 
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OPTIMAL  TRADEOFFS  BETWEEN  HARDWARD/SOFTWARE  IN 
SIMULATIONS  AND  LAB  EXPERIMENTS 
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IMPROVED  INSTRUMENTATION  FOR  SCATTERING  STUDIES  TO  VERIFY  WORK  AT 
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IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  METEROIDS 

ENVIRONMENTAL  AND 

EFFECTS  DECEMBER  6-9,  1988  DEBRIS 
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McDonnell  Douglas  •  Honeywell  •  IBM  •  Lockheed  •  RCA 
12/6/88  II.  W.  Huhe!  In-Spuce  Tech  Experiments  Workshop 
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McDonnell  Douglas  •  Honeywell  •  IDM  •  Lockheed  •  RCA 

12/6/88  II.  \V.  Ilubel  lu-Spacc  Tech  I'x  jicrlinenls  Workshop 
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McDonneU  Douglas  •  Honeywell  •  IBM  •  Lockheed  •  RCA 

12/6/Htt  II.  W.  Ilubd  In-Spuce  Tech  Experiments  Workshop 
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McDonnell  Douglas  •  Honeywell  •  IBM  •  Lockheed  •  RCA 

12/6/88  II.  W.  Hubei  lo-Spuce  T«eli  Kiptrluenls  Workshop 
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McDonnell  Douglas  •  Honeywell  •  IBM  •  Lockheed  •  RCA 
1 2/6/88  II.  W.  Ilubel  ln-S|>uce  Tech  Experiments  Workshop 
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Seed  projectile(s)  and  subsequently  deploy  tethered  shield 
concept  to  be  impacted.  Ensure  impact  and  retrieve  shield  for 
post  test  evaluation.  Measure  relative  velocity  between 
particle  and  shield.  Seeded  particles  to  re-enter  quickly  if 
experiment  aborted. 
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ENVIRONMENTAL]  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  MICROMETEOROIDS  & 
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Shielding  Testing  and  Model  Validation 
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HAMPTON,  VIRGINIA  23665-5225 


SPACE  IN-SPACE  TECHNOLOGY  CHARGED  PARTICLES  & 

ENVIRONMENTAL  EXPERIMENTS  WORKSHOP  ELECTROMAGNETIC 

EFFECTS  DECEMBER  6-9, 1988  RADIATION  EFFECTS 


i 


3 

O 

X 

o 

* 

o 

< 

ffi 


03 

LU 

H 

QC 

111 

X 

O 

QC 

x 

_i 

< 

o 

2 

< 

Z 

O 

LU 


LU 

a 

< 

QC 

a 

LU 

a 


H 

< 

Q 

< 

QC 

LU 


H 

QC 

< 

CL 

LL 

O 

c n 
ui 
<Si 
O 
a 

x 

g 

x 


C/3 

LU 

H 

S3 

o 

CL 

2 

O 

o 

X 

E 

h* 

< 

2 

i 

Z 

03 

LU 

X 


03 

UI 

> 

03 

LU 

X 

a 

< 

03 


LL 

g 

E 

UJ 


o 

CL 

LL 

O 


03 

-1 

< 

X 

LU 

H 

< 


LL 

LL 

H 

03 

UI 

H 

o 

B: 

o 

X 

LU 

X 


§  § 

a 

LU 
X 


03 

ui 

x 

3 

H 

O 

3 

X 

H 

03 

Ui 

O 

< 

X 

03 


O 

03 

O 

LU 

X 

X 


X 

O 

ui 

H 

O 

03 

Ui 

Q 

< 

X 

a 

LU 

Q 

0 


O 

> 

G 

-J 

< 


UJ 


03 

Ui 


ti 

5  o 
2  ° 
2  X 

S  H 

Q  < 

s? 

o  * 

X  u 

H  3 

o  > 

-j  o 

Ui  X 


X 

o 

03 

X 

H 

X 

X 

X 

o 

X 

X 

X 

< 

g 

2 

< 

X 

O 

X 


< 

g 

H 

X 

o 

03 


03 

a 

z 

H 

< 

O 

o 


1—  Q 

O  z 
X  j? 
X 
X 
< 


03 

2 


o  x 

1§ 

§1 

=  > 

§o 

X 

3  s 

°  2 
03  2 


< 

2 

x 

X 

X 

H 


H 

< 


X 

X 

H 

I 

0 


< 

Q 


X 

o 

< 

X 

03 


Q2 
< 

X 


X 

O 

03 

H 


03 

0 

z 

I- 

< 

o 


b  o 

X 
X 
X 
X 


03 

X 

< 

x 

x 

H 

< 


X 

< 

X 


x  2 

X  H* 

m  a 
<  3 
X  x 
h- 
03 

2 
O 

0 


< 

> 

< 

I- 

o 


<  X 


O 

> 

a 


160 


SPACE  IN-SPACE  TECHNOLOGY  CHARGED  PARTICLES  & 

ENVIRONMENTAL  EXPERIMENTS  WORKSHOP  ELECTROMAGNETIC 

EFFECTS  DECEMBER  6-9, 1988  RADIATION  EFFECTS 
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MECHANICAL  PROPERTY  TESTING  IN-SPACE  WITH  RADIATION  EXPOSURE 
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SPACE  IN-SPACE  TECHNOLOGY  CHARGED  PARTICLES  & 
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REQUIRE  COMPUTER  MODELLING  TOOLS  FOR  PREDICTING  RADIATION  EFFECTS 
ON  NEW  COMPONENTS. 
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REQUIRE  INEXPENSIVE,  RELIABLE  RADIATION  MONITORS  CAPABLE  OF  BEING 
STANDARD  'HOUSEKEEPING"  ITEM  ON  ALL  MISSIONS 
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HIGH  POWER  SYSTEMS  AND  THEIR  DISTRIBUTION  ARCHITECTURES  MUST  CONSIDER 
EMI  AND  PLASMA  EFFECTS  FROM  INCEPTION. 
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.  DEVELOP  TECHNIQUES  FOR  MORE  SENSITIVE  SPECTROMETRY 
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•  IN  STEP  MEETING  WAS  THEREFORE  FOCUSED  MORE  DIRECTLY 
TO  IN  SPACE  EXPERIMENT  NEEDS  THAT  WOULD  BE  THE 
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NEED  IN-SPACE  DATA  TO  VERIFY  GROUND  BASED  SIMULATION  SYSTEMS 
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Measurements  or  perturbations  to 

the  ambient  environment  due  to 
spacecraft/  atmospheric  interactions. 
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•  DEVELOP  AND  TEST  IN  SPACE  SIMPLE,  SMALL 
AUTONOMOUS  SENSORS  FOR  SURFACE  CHARGING, 
RADIATION  EXPOSURE  AND  ELECTRIC  FIELDS 


IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
DECEMBER  6-9,1988 
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SUMMARY  OF  THE  NASA/OAST  SPONSORED 
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-WORKSHOP  BACKGROUND- 
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PERCEIVED  NEED  TO  BRING  TOGETHER 
INDUSTRY, UNIVERSITY,  AND  GOVERNMENT 
RESEARCHERS  IN  A  COMMON  FORUM 


-WORKSHOP  GOALS- 
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FORM  THE  BASIS  FOR  ESTABLISHMENT  OF  ON¬ 
GOING  TECHNICAL  WORKING  GROUPS 


-WORKSHOP  GOALS- 


3 


LU 

2 

CO 

I 


x 

o 

U. 

CO 

Q 

LU 

LU 


LU 

£ 

CO 

U- 

o 

h 

OC 

o 

CL 

CL 


CO 
LU  _ 
OC  z 

?CO 

7  W 

|x 

Q  LU 


< 

o 

LU 

CL 

CO  Z 
LU  O 

& 

LU  CO 

I* 

—I  c£ 

W  CO 

m  lu 

o  x 

§  O 

q  »- 

o  ^ 

u  yj 

x  ^ 

O  _l 
LU  LU 
I-  OC 


I- 

z 

LU 

2 

X 

LU 

CL 

X 

LU 

LU 

£ 

CO 

I 

z 

CO 

at 

3 

z 

LU 

§ 


S 

LU 

X 

< 

LU 

2 

LU 


a  * 

UJ  X 

X  o 
O  ^ 

U.  CO  z 
O  3  s. 

2  °  t 
<  — 

X  LU 

0 

o 

X 
X 


£  o 

go 


X 

LU 

I 

0 


o 

z 

< 

CO 

LU 


X 

LU 

CO 

3 


3  co  £2 

<  85 

uj  >  f£ 

b  z  co 

<  3  UJ 


<1  500 


197 


FORM  THE  BASIS  FOR  ESTABLISHMENT  OF  ON¬ 
GOING  TECHNICAL  WORKING  GROUPS 


-WORKSHOP  THEME  AREAS- 
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ENERGY  SYSTEMS  AND  THERMAL  MANAGEMENT 


WORKSHOP  RESULTS - 

KEY  TECHNOLOGY  ISSUES 
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ENERGY  SYSTEMS  AND  THERMAL  MANAGEMENT 

GENERAL  OBSERVATIONS 
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-WORKSHOP  RESULTS- 

FUTURE  ACTIVITIES 
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SUMMARY  OF  THE  NASA/OAST  SPONSORED 
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OCEAN  CITY,  MARYLAND  13-14  JUNE,  1988 


-GENESIS  OF  WORKSHOP- 
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HEADQUARTERS  REQUESTED  GSFC  TO 
ORGANIZE  AND  CONDUCT  A  WORKSHOP  TO 
BEGIN  PLANNING  FOR  THIS  TEST  PROGRAM. 


-WORKSHOP  GOALS- 
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NOT  SEEK  TO  DEFINE  TEST  PROGRAM. 


-WORKSHOP  RESULTS- 

MAJOR  TECHNICAL  ISSUES 
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VAPOR  SEPARATORS 


-WORKSHOP  RESULTS- 

MAJOR  TECHNICAL  ISSUES 
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IN  STEP  88  WORKSHOP 

OBJECTIVES 
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PRIORITIZE  NEEDS 
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power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THERMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  SYSTEMS 
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GALILEO 
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•  FAR  OUTER  PLANET  ORBITER 

•  INTERPLANETARY  TRAVEL 
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COMPACT/LIGHTWEIGHT  RADIATORS 


power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THERMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  systems 
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TESTING  IN  COMBINED  SPACE  ENVIRONMENT 

SURFACE  COATINGS/MODIFICATION  FOR  HIGH  EMISSIVITY  RADIATORS 

REFRACTORY  METAL  DATA  BASE  FOR  HIGH  TEMPERATURE  DYNAMIC 
AND  NUCLEAR  SYSTEMS 


power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THERMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  systems 
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power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THEHMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  SYSTEMS 
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NOT  CONSIDERED  AS  PART  OF  DYNAMIC  AND  NUCLEAR  SYSTEM  WORKSHOP 


POWER  SYSTEMS  &  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic  A  NUCLEAR 
THERMAL  MANAGEMENT  DECEMBER  6-9,  1988  POWER  SYSTEMS 
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POWER  SYSTEMS  A  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  DYNAMIC  A  NUCLEAR 
THERMAL  MANAGEMENT  DECEMBER  6-9,  1988  POWER  SYSTEMS 
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RELIABLE  SPACE  QUALIFIED  DYNAMIC  CONVERSION 
HIGH  TEMP.  MATERIALS,  BEARINGS/SEALS 
SPACECRAFT  COMPATIBLE  -  JITTER,  EFFLUENTS,  ETC. 
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HIGH  PERFORMANCE,  LOW  MASS  HARDWARE 

HIGH  VOLTAGE  TRANSFORMATION,  INSULATION  &  DISTRIBUTION 


POWER  SYSTEMS  &  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  DYNAMIC  A  NUCLEAR 
THERMAL  MANAGEMENT  DECEMBER  6-9,  1988  POWER  SYSTEMS 
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POWER  SYSTEMS  &  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  DYNAMIC  &  NUCLEAR 
THERMAL  MANAGEMENT  DECEMBER  6-9,  1988  POWER  SYSTEMS 
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POWER  SYSTEMS  &  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  DYNAMIC  &  NUCLEAR 
THERMAL  MANAGEMENT  DECEMBER  6-9,  1988  POWER  SYSTEMS 
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EXPERIMENTS  ARE  COMPATIBLE  WITH  EARLY  TO  MID  *90  STS  OPERATIONS 


QUALITATIVE  RANGE  OF  APPLICABILITY  OF 
VARIOUS  SPACE  POWER  SYSTEMS 


(»/M)  T3A3T  U3MOd  0IU10313 
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1  HOUR  1  DAY  1  MONTH  1  YEAR  10  YEARS 

DURATION  OF  USE 


MULTIPLE  MISSIONS  ANTICIPATED 
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-  INSTRUMENTATION/POWER  CONDITIONING/HARD  ELECTRONICS 

-  ROBAT1CS,  SIMULATION,  FAULT  DETECTION  AND 
AUTONOMY 


power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THERMAL  *MD 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  SYSTEMS 
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power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THERMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  systems 
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SELF-DIFFUSION/SELF-WELDING 

ADVANCED  RADIATOR  FABRICS/HIGH  TEMPERATURE  C0MP0SITS 
THERMAL  AND  ELECTRICAL  INSULATION 


power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

AND  THERMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  SYSTEMS 
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-  IN-ORBIT  THAW  AND  RETHAW 

-  CRITICAL  FLOW  AND  INTERFACIAL  PHENOMENA 

-  SURVIVABILITY 

-  TEMPERATURE,  PRESSURE,  AND  RADIATION  SENSORS 


y2  c/3 
ZQ 
W  3 


CO  % 

y  uu 


IQ  *3 


X  _J 

LU  Ml 

x£ 

S2 

>x 

2£ 

U- 

Z  LLJ 

2£ 

2o 

oz 

9b 
o  y 

h-  LU 

g3 

LU  J_ 

<9 

§1 

HU 


Q  b 

LU  CO 
CD  ' 
X  CO 

<y 

Xm 

u< 

Q<-> 


m!< 
cd_3 
>-  X 
,nXGO 
ftOZ 

5yy 

H^X 

apd 

CO  LL  LU 
<Oq 

9z| 

Q  O  < 

s|< 

ogffi 

<sf 


LU  O 

uz 

<  LU 
LU  X 

5  j 
£< 

rr  rr 

<  X 

9£ 


>£  UJ 

t  <  <r 

5fc  2 

<z^  >< 

<CN<  ^ 
%OuJ  G 

8*2  § 

gig  | 

LU  LU  >  2 

hiz  o 
|°-cn  3 

LU 

Q<0  £ 

^  LUU  3 

<  3  -J 

LU  LL 

g5£  2 

SSI  1 

ssi  | 

i  LLJ  2  LU 
LUPUJ  Q 

^CDI.  O 

:S  =  g^ 

7n  LL.  LU  Q 


QS 

i— _ i 

5  LU 
2$ 
ffiOj 

|w 

<Z 

So 

U  CO 

lu  r? 

%% 

LL  Q 

X  m 

wb 

lZ  LU 

Z  00 


X  — 

OQ 

LU 

QrU 

Pz 

E$ 

i<^ 

co< 


LU  < 

bo 

&3 

oo 

Zi  CD 


-  CRITICAL  FLOW  EXPERIMENTS 


power  systems  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  dynamic 

ANO  THERMAL  AND 

MANAGEMENT  DECEMBER  6  -  9,  1988  NUCLEAR  SYSTEMS 


CO 
LL1 

c5c/>  £p 

oO  4^% 
y  Q  o°i 

r\  LZ  QC  P-1 

GE  2  y  a 

2JS8 


hDOO 


o 

2  EjSSixs  — cc 
b  cc^><pswcn 
Jt  <(ETbZtu  - 

o  Si— F<ooty 
S  t0S£C<GtijO 

>  >T  LLI  Z  LLI  m  (H 

Q_  ^  ^  Z  ,  r;  Z 

uj  ^  5  ^  tu  <£  =1 

y  <QlQ<Oh 

5  O  <  I— <  U- cc  CO 


ZJL 

<0 
CC  i 

^  CO 

Q  co 


i  i  i  i 


233 


o 

LU 


o 


234 


-  SPACE  COMMERCIALIZATION 


235 


236 


i  5 

z  uj 


>  s 
z  UJ 

o  * 
O  o 

ft. 


CL 

O 

X 

C/D 

* 

X 

o 

5 

co 


UJ 

2 

E 

UJ 

a 

x 

UJ 

> 

0 

O 

-j 

O 


o 

UJ 


UJ 

o 

< 

CL 

CO 

I 


CO 

CO 

09 


05 

I 

CO 

X 

UJ 

X 

2 

UJ 

o 

UJ 

a 


>  UJ 

a  £ 


_  uj 

O®  O 


Jo«i 

2*5° 

<5“o 

2gS5 

ISsS 

.  *  £  UJ 

flc  O  uj  J 
Q&JU 


V 


237 


w 

H 

D 

CQ 

w 

OS 

H 

H 

< 

Q 

m 

> 

§ 

Si 

M 


V  £  CD 

©  o> 

Q 

®  ©  0 

X  o 

o 

<  c  c 

© 

0»  ®  ® 
ACC 
0  O 

^ 

o  +*  +* 
>  u  u 
a  a 

•C  *0  *0 
Ol  ©  © 
~i  fci  fc< 
£ 

I  V  V 

u  c  c 
©00 
X  o  o 
0  ^ 

Q,  Mm  Vi 
^-1 

£  c  c 

DOD 

SB  ID  CO 


v 


238 


239 


Q. 

o 

X 

CO 

* 

Z 

o 

£ 

CO 

H 

z 

ID 

2 

Z 

LD 

0. 

X 

LU 

> 

a 

o 

_i 

o 

z 

X 

o 

ID 

H* 

UJ 

O 

< 

a. 

co 

i 

z 


co 

co 

05 


05 

I 

CO 

z 

LD 

ta 

LU 

O 

ID 

Q 


CO 

UJ 

CD 

O 

_i 

O 

z 

X 

o 

UJ 

I- 

_l 

< 

o 

H 

X 

o 

■»«. 

CO 

o 

UJ 

UJ 

z 

> 

o 

o 

-I 

o 

z 

X 

o 

UJ 


V5 

a 

.J 

tri 

o 

o 

M 

< 

H 

J 

o 

o 

HI 

OI 

X! 

X 


Ol 

SI 


CD 

0 

CO 

«H 

DJ 

X 

*H 

0 

X 

u 

P 

H 

u 

0 

CO 

c 

P 

H 

(4 

49 

co 

0 

CO 

0 

fi 

a 

s 

> 

X 

0 

0 

H 

OJ 

o 

0 

co 

p 

w 

0 

>- 

0 

H 

-P 

> 

CO 

c 

D 

JC 

0 

0 

X 

O) 

*0 

X 

w 

^  0 

o 

o 

a 

X 

49  *h 

> 

U 

< 

0 

0  <H 

H 

2  *H 

0 

0 

X 

rl 

D  +* 

CO 

■P  49 

p 

-p 

o 

p"l 

0  0 

M 

£  O 

p 

0 

H 

0 

P  C 

Q 

o» 

0 

u 

CO 

U 

0  o» 

•H  4-# 

«P 

0 

P  0 

O 

*H  C 

U 

c 

>- 

0  #H 

0  fi 

3*5 

0 

0) 

u 

•rl 

> 

0 

•o 


^  0 
> 

U  0 

c 

4)  0 
u 

•H  C 

%4  0 

4)  <M 

0 

£  -i 

OTJ 

0 

X  X 


I  I  I 


4) 

U 

C 

0 

u 


-M  w 
£  ^  J) 
©£  4)  > 
■H  0  *4  *4 

4)  >£  v 
5  0  10  O 

«P  £  0 

£  a  o  u 
o>  0  *  +* 

•HQ  CO  0 


CO 

X 

X 

a 

H 

o! 

x 

Ml 

X! 

X 

X 

o 


M  49 


M  CD 


4) 

* 

0 


£  £  *h 


iiii 


240 


Q. 

o 
x 
c o 
* 
x 
o 
2: 

CO 

t- 

Z 

UJ 

2 

X 

Lit 

CL 

X 


00 

00 

0) 


O) 

I 


UJ  CO 


> 

0 

o 

-I 

O 

z 

X 

o 

UJ 

h- 

111 

o 

< 

Q. 

CO 

I 

Z 


X 

UJ 

CD 

2 

UJ 

O 

UJ 

o 


CO 

UJ 

0 

o 


X 

o 

UJ 

H- 

-I 

< 

o 

H 

X 

o 

CO 

o 

LU 

UJ 

z 

> 

0 

o 

—I 

o 

z 

X 

o 

UJ 

I- 


B 

s 

41 

> 

a 

ii 

a 

a 


o 

> 

& 

a 

£ 

I 

h 

41 

X 

0 

a 


c 

41 

g 

o 

u 


u 

m 

a 

« 

o 

u 


c 

0 

g 

o 

u 

> 

c 

D 

d 

c 


10 

t. 


4*> 

0 

a 

c 

o 

o 


c 

0 

6 

c 

0 

u. 

c 

0 


> 

0 

c  > 

c 

a 

0  U 

0 

0 

E  0 

0  +> 

01 

0 

C  0 

c 

o 

0  C 

0 

r  0 

a 

a^ 

0 

0 

a 

U 

© 

0 

fi 

C  fi 

4-> 

a 

0 

^  0 

c 

o 

v 

Oi 

0 

0 

U  0 

fi 

r 

> 

0  > 

c 

0  4-» 

0 

r  0 

0 

r-1 

G 

G 

0  * 

u 

0  u 

C  -H 

** 

CO 

0 

C  -h  0 

0  > 

U  > 

2 

X 

0  V  X  i  c 

0  V 

O 

0-1^0 

V  0 

V  ^ 

M 

a  v  d  a  0 

0  *-1 

H 

(5  C 

l*  0 

fi  «H 

O 

u 

hi  h 

0  U 

£ 

0 

41  01  0 

a  0 

2 

*4 

a  h  <w 

0  JC 

o  «  a 
0  £  0  0  © 

0  o-i  U  O 
h  Ol  U  0  fi 

0  0^  0<M  V 

V  V  <M  4-»  G  0 

«H  ^  0  «H  3 

t*  o  u  m  c 

u  >  o  o  0 

0  u  -h 
c  r  u  c  0 

oi  o>  m  ©  c  b 

H  3  * 

0  S  CO  BUZ 


0 

D 


0 

Q 


241 


242 


Q. 

O 

1 

CO 

* 

cc 

o 

£ 

CO 

»- 

z 

LU 

2 

CC 

UJ 

0. 

X 

UJ 

> 

o 

o 


z 

o 

UJ 

H 

UJ 

o 

< 

CL 

CO 

I 


CO 

co 

a 


a 

i 

co 

(E 

UJ 

ffi 

2 

UJ 

o 

UJ 

a 


K 

O 

a. 

& 

B 

B 

fi 

& 

M 

X 

m 

S 


co 

o 

o 

> 

co 

o 

lu 

LU 


CO 


LU 
2 

E 

LU 

a. 

x 

LU  § 


LU 

O 

< 

0. 

CO 

I 


o 

m 

j 

v 

■ 

•  • 
b  • 

s  « 

|! 

•  b 

•  0 

4H  0 

0 

V  • 

L  O 

0  0 
b  a 

9  « 

o  ^ 
£  0 

C 

■  o 

b  "4 
©  *j 

*  m 

u 


a; 


•  • 

•  u  ^ 

b  c  c 

•  •  c 
I  ■ 
b  • 

»  0  -I 

%4  0 

•  b 

£  0  b 
V&0 
b  ** 

m  •  m 

0  C  b 
**  v 

*  ■  e 

o  b  •  . 
■*  •  u  ** 
*  C  ff 
C  0  0  0 
u  g 

0  0  V  0 

b  V  c  b 
9  0  m 

0  > 

'  7  C 

l  -<  *  0 
0  £  0 

0  b  *  0 

0  c  u 

0  0 
0  0  «  a 

b  tj  £  0 

0  9 

0  ** 

>«h  0  0 
—  v  ~  3 


ai 


■  0 

b  I 
0  TJ 


0  U 

U  0 


*•>  £ 

0 

0  £ 

b  +>  £  e  a  0 

%-  0 

b  «H 

a 

C  *■> 

0  U  9  0  h  ^ 

0 

C  T3 

Q.C  ffi  Uh  0 

b  cn  h 

£  0 

0 

c 

w  c 

K 

0  0  0 

CO  u 

£ 

0 

0  -4 

X  0  1  1 

>  z  o 

o 

O 

N 

0> 

0) 

0» 

01 

0> 

O) 

01 

W4 

B* 

•H 

B<* 

► 

► 

► 

► 

o 
o 

h 


x  o 

CO  H 

< 

0  X 
X 
X  X 
u  o 
x  a 

x  o 

Q  *-• 
t-H  X 
> 

O  X 

X  c 

a  a 


w  o  . 
a  x 
~  £ 

£  X 
X  < 

O  O  £ 
z  x  o  z 
O  0  o 

£  0  M 

>*  o  H  co 
•  <  z  <  z 

H  X  B  X  O 

XX  o  ~ 
©  <  -  £  CO 

m  0X0 
X  >  0  X  N* 

5  x  o  x  z 


0  . 

Ina 


SN 


H  O 

£  *-t 

O  0 

>  >•  X 
OCX 
H  X  > 
o  X  x 
X  z  o 
X  X  o 


5 

5 

o 

B* 

1 


8Ji 

«  u*< 

•  V  t  *1 
0  *-  > 

0  0^1 

V  0  0  b 

00  a 

b  £  +*  I 

v  a  e  o 

u  0  b 
0  o  b  o 
~  X  b  -* 

0^90 

0 

e  •  c 

O  0  0  *•« 

0  ••  W  * 

*  0  C  «*  C  0 
C  0  V  0  0 

0  •  • 

fl  v  fi  0 

0  0  0  -<  a  0 

^  C  0  M  0  >• 
0  b  I  C  0 

a£  000 
0  a%«  00^ 

0  O  0 

oh  v  l  i  y 

0  0  0  0  9 

0  U  ^  w  O  0 

*<h  a  0 

0  0  O  T3  £ 
0  0  b  C  C  U 

*  £  ^  ~  0  I 
C  U  V.  **  o 
0  1  0  U  *9  b 

■  OHJH*/ 
-H  b  £  >  9  U 


£ 

u  *+ 

9  0 
0  9 


0  X 

0  B 


0 

O  HH 

X  ~ 

0  . 

^  0 

0 

U  '"H 

C  0 
0  9 

>  b 

*  C 

%-  0 

°?  . 
0  b  > 
U  V 

C  <X  -H 
0  O  > 
■  «  0 
b  X  b 

o  a 

%-  *  i 

b  0  0 

MS 

b  -1 
0  0  0 
£  *■' 

*  »  G 


>*£ 


I 

X 

X 


CO 

M 

►H 

l  X  o 

;  o  o 
>  £ 
O  O 
I  z  z 

o 

O  X 
Z  H 
< 

H  O 

I  CO  M 


•  >• 

CO  X 

z  *  x 

x  x  m 

a  ~  >  Q  o 

x  x  z  m 

>•  x  <  <  x  • 

o  o  «o 

c  u  z  n  o  j 

X  X  O  X  Z  £ 

Z  ~  o  ~  <  fcj 

X  £  X  X  CJ 

CO  X  • 

x  a  h  x  £ 

OZQhHhl 
M  o  Z  «C  X  D 
X  £  <  B  X  X 


•  CO 
£  H 

<  X 

>  X 
X  o 

z  o 

gS“ 

<  X 

a  u  , 
x  x  <  oo 
o  o  x  r 
£  Z  CO  SI 
MB 

>  >  X  CO 
X  D  O  H 
Q  <  X  CO 


Ha 

2 

o 


sN 


pH 


a. 


J  s 

0  CO 

O  >•  X 
2  o  X 
X  X  > 
XXX 
X  X  o 
0X0 


£  C 

a  o 

£  0 

U 

0  0-^ 

>  ^  0 
-H  0  5 

0  b  a 

0  0 

0*^0 
a  0  u 

0 

X  £  b 

°>J5 

0  0  *h 

0  V  X 

sa. 

£•: 

0  b  £ 

x  0  a 

b  Jt  0 

ss? 

I  H  »i 

a  >  n 

|  H  H 

I  V 

c  u  ^ 

9  X 

*0  9 

0  C 

x  0  0  • 

0  U  0  0 

b  3 
x  bh  a  0 

0  0 

C  ■  C  b 
0  b  £  0 
0  0  U  * 
0  £  0  0 


O 

0t 

9 


X 

CO  o 

<  z 

B  < 

♦  £ 

X  < 

o  u 

X  «H 

X  £ 
C  < 

z 

>  < 

o 

X  z 

X  M 


o  x  : 


X  x  CO 

__6°sa 

X  O  X  Z  H  X 
H  X  X  O  3 
Xnk. 

H  >•  O  H 
Z  X  <  D  Z  _ 
X  B  Z  B  O  X 
Z  CO  <  «H  CO 
O  CO  x  X  X 
XX  H  x  B 
X  O  X  CO  x  co 
O  x  o  M  o  B 

O  Z  X  Q  X  X 


•  ◄ 


tel  is) 


X 


X  o 

I? 

£2 


c 

o  • 

-H  O 

4^  C 

0  ^ 

9  0 


>• 

TJ 

C  -* 

3  Bi 

0  -H 
b  £ 

a  0 

b 

9 

0  « 

c  e 

o  # 

•H  a 

nr 

U  0 
X  O 

•H 

b  ■ 

0  0 
>  V 

0 

0 

u  o 

0  M 

a£ 

0 

I  b 
C  0 


0  0 

V  f 

•4  0 
>  V 

0  0 
b  > 

X  0 


o 

01 

0* 


>  x 
a  a  x 

o  Hi  x  00 

£  s  X  £ 
O  •  O  B 
Z  X  X  N4 
S  X 
o  X  X 
X  £  O  H 
H  ZB 
©  B  X 
X  Z  X 
Q  O  X  X 
«m  £  O  X 

>  X  H 
O  X  X  CO 
X  O  X  >* 
X  X  X  CO 


CO 

£ 

x  2 

X  X  X 
X  H  X 
5  CO  H 
O  >•  B 
X  CO  x 


0 

> 

0 

b 

b 

0 

b 

0 


I 

0 

4H 

e 

0 

■ 

b 

a 


e 

o 


b 

0 


C 

0 


b 

i 


0 

a 


£ 

a 


e 

o  • 

•4  0 

•b  C 

0  0 

U  *i 

b*  4L 

%4  U 

•4  0 

b  b 
0  0 

>  «*H 

c 

0 

U 

0  0 

a  0 

0  V 
I  0 

c  >» 


X  ►H  HN 


O 

0» 

0> 


Oi 

0> 

0t 


<0 

0> 

0» 


0 

> 

I 

£ 

D 


►  ►  ► 


© 

Z 

M 

£ 

X  CO 
D  hh 
O  CO 

X  > 
£ 
X  B 

Q  Z 

M  < 
> 

o  a 

x  z 

X  B 


X 

o 
o  z 

H  © 

>•  CO 
H  X 

HH  Q 
£ 

BH  X 

B  £ 

<  B 
X  < 

<  z 

O  X 


X 

o 

£  B 

£  X 
<  CO 
H 

Z  X 
X  £ 

iS» 

O  H  X 
X  B  X 
HH  X  H 

>  X  cn 
z  o  >* 

X  O  CO 


X  K 

s9 

l  H 

H  O 

SS 

o  x 

..fi 

X  M 
X 

a  x 

Z  X 

r  » 

X  CO 
X  CO 
H  X 
<  X 


H  CO 


Hss 

u  BH  X 

x  5e  z 

0  X  H 


243 


NOTES;  ▲  R*T  PROGRAM  MILESTONES.  (Exp#riBent  dmtmm  chown  arc  definition  phase  atart  dates).  (KAP:  1O/1A/0B;  210. 


-»  5 

<  3 

x  w 

2  5 

5  $ 

Ul 

>  s 
z  UJ 
o  * 
o  o 

a. 


CC* 
3  Z 
CO< 

2m 

UJCO 


X  CO 
1 1  CO  Z 

oso 

in  — 

IBS 

►"1  (/)  UJ 

<wa 

Occo 

^  5  CO 
CCiTZ 

22° 

oS< 

<<c 

Ss^s 

sgi 


S  2 

2co 
_  a> 
DC 
UJ 

^  a> 
x  > 

UJ  «0 

>  £E 

o  Si 


ce 

3  u  K 

JS  <  a 

o  |  5“ 

S|2 

£  O  * 

>  z  < 

o  <  a 

Q. 


a  o> 

>  s 


UJ  S 

UJ  an 


L.  CM 

z  2 

UJ 


£E 

111  S 

o»  8 

X  «“ 

UJ  _ 

111  « 

o  § 

<  2 

CL 

CO  1 - 

I 


o  << 

£2  <uJ 
CO  °2 
UJ  uj  O 
H  JZ 
UJ  Q.Uj 

5  g$ 

1  l« 

CL  O  O 
X  H~ 

a  S3 

es§ 

o 

O  Q.  UJ 
X  X— « 
V  CO  LULU 


o  £ 

P  3 
g  s 

*“  X 

CO  o 

1  s 

DC  —I 
UJ  u. 
f—  u_ 
<  UJ 

2  QC 

9  UJ 

DC  CO 

ill  Sa 

•-  m 

H  I 

S  £ 

«  2 


LU  = 
Q.  S 
X  Ul 
UJ^ 

£g 

UJ 

SO 

Q_  UJ 

oo 


O  co 

SI 

LU  < 

£3 


Si 

CC^ 
O  o 

U_  iTi 


CC  CO 

uj  (—  co  3 

o  co  Z  LU 

S°pS 

gigs 

co<Sm 

>•  j_  LU  UJ 


,  i  UJ  UJ 

2qo 

<>_< 

GC  < 

oSs 

Omc 

ul  “  LU  I 

ogg: 

x£2o: 

O.XQ.I 


244 


245 


■—  Ol  o 
o  c  •? 

CL  u 
.  5=  o 


O  L  5 

if  I 
&  ®§ 
C/3  CO  O 


c 

.2  o9 

.2  -s  < 

>zn 
5  kT  © 

<X)  O  O) 
o  "O  ir 
CO  CO  O 

Q.  C  LL 
0)  >  > 
0^22 
is  co  co 

CO  CO  > 

<  LU 


c  u 

•2  |  g 

|  2  < 
k.  CD  O 
■«—>  o  O 

.<2  o  - 

■s  O  o 

5  §  “1 

>  >  ^ 


CO 

.c  2^ 
o  <3> 

=  <7> 

>»  'T' 

iS  S' 

E  c 
s  0 


>,  & 
o  c 
E  g 

CD  C  ^ 

E  .§  _  |' 
1  Ss'a 


0  -C 
J=  O) 

~  0 

.s  $ 

- 

5 

co  .£? 


o 

Q. 

o 

o 

w 

CM 

*» 

> 

0 

w 

c 

0 

’o 

c 

0 

£ 

0 

J— 

0 

O 

<: 

o 

D 

cn 

0 

W> 

#4 

>s 

d) 

CM 

o 

GO 

JZ 

E 

x: 

r 

_c 

JZ 

-C 

"O 

u. 

o> 

o“ 

•* 

0 

0) 

u 

0 

0) 

0> 

0) 

0) 

0) 

0 
-f— • 

<0 

o 

in 

-C 

o 

X 

X 

X 

_J 

X 

_J 

X 

in 

0 

X 

CO 

o 

** 

CM 

• 

• 

• 

• 

• 

• 

• 

C/D 

• 

• 

> 

o 

$ 

13 

JZ 

O) 

to 

• 

• 

CO 

• 

LL 

• 

if 

• 

m  E 
c  a> 


§  <° 
i  § 

o  § 
°  £ 


*n 

<0  .-= 
O  _Q 

o  -a 

m  (5 

D) 

C  c 


c 

<D 

s  i 

•z  ®2 
a>  I 

Cl  <? 


“  o 

>  £ 
O)  £ 

Oo 

_  o 


_  W 
£  T3 

.2  0 

0  0 
J_  M— 

0  O 

Q-o 
°*E 
O  = 

QO 

>2 
o  - 
o  o 

'''t  1-0 
•» 

o  o 

O  CM 
CM  . 

</)  o~  2 
*  o  - 


0  > 

0  c  <“ 

O  0  ® 

OS  §• 

<  *5  2 

ic  (U  2  r 

“.2  Q  0) 

S^«'0 


rrz  o .— 

COoSgg 
LU  E  s  5 
>  o-c:£: 
O  o  .9>.g) 
-j>XZi 


tr  co 

2  h- 


0  O 


E  g 

Q.  o 

O  0- 
c  -O 
0  ® 

0 

0  *o 


0  C 

LL  O 


£5  O 

§>3f 

.2  m  0 

■a  2  <o 
0  0 

UC§- 

|8| 

ill 

Q-_^  0 

0  9-_0 
-C  fc  O) 
0)0  C 

L. 

X  CL  CO 


3  .2 
GO  co 
—  0 

2  •§ 

c  a) 

O  ~o 

o  >- 

w  I 

i  ° 

1  “ 

a  -o 

>*  0 
O)  _- 

2  0 

2  :I 

£  ^ 
O  - 

i®  s 

■a  g 

i  < 


CO 

§  ra  c 

®  c  <u 

<o  E  e 

>.«  § 

®£  | 
k»  “  CQ 

S>T3  = 
s  c  « 

O  CO  2» 

a. 


249 


block  packages  (power  hybrids) 

•  Digital  input  signal,  high  power  switch  output. 

Could  be  part  of  enabling  technology  for  resonant  and 
quasi-resonant  converters  with  promise  of 
>  2:1  power  density  improvement 
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Approach  Test  articles  flown  would  be  designed  to  test  for  UV, 

radiation  and  contaminant  degradation.  Various  thickness  c 
coverglass  would  be  used  to  factor  radiation,  etc.  Entire  l-V 
curves  would  be  measured  periodically. 
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-PARALLEL  EFFORTS  ARE  COST  EFFECTIVE 

-EDUCATION  OF  SPACE  POWER  ENGINEERS  AND  SCIENTISTS 
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-POWER  (V-l  CHARACTERISTICS)/THERMAL  MANAGEMENT  TRADE  OFF 
IMPLICATIONS 


257 


2 

oc 

LU 

H  H 


/r  Q.  oo 

g‘ 

3  oc  ® 

S  O  o 
O  >  uj 
U J  >  Q 
H 


§  a 

OC  z 


C/3  0> 

UL  Z 
u.  h*  LU 


Z  < 

O  CC 

£  o 
>  m 
z  < 
lu  -J 

LU  > 

o  £ 
<  > 
Q.  < 
C/3  OC 

u.  § 

°  s 

z  O 

2  2 

<  3 
E  3 
S  d 

2  o 


K-  W 


x  o 
o  o 


CO 

s 

UJ  Jl- 
H  <  Z 
«  S  m 
&  cc  2 
w  muj 
CIO 
UJ  H-  < 

5qz 

oz< 

CL  <  S 


«  56 

>  £> 

ul  §UJ 

cc  o 

UJ  o 

>  < 


o  a 

W  uj 

E  H 
o  o 

UJ  Z 


259 


260 


261 


c 

co 

3 

2* 

15 

c 

o 

C 

0) 

£ 

0) 

05 

CO 

a 

w 

!E 

H 


262 


POWER  SYSTEMS 

AND  THERMAL  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  THERMAL 

MANAGEMENT  DECEMBER  6-9,  1988  MANAGEMENT 
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PRELIMINARY  REMARKS 
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V  LEO,  INTERPLANETARY,  LUNAR  NATURAL  V  LEO-GEO  ORBIT,  NATURAL  AND 
ENVIRONMENT  SURVIVABILITY  MILITARY  THREAT  ENVIRONMENT 


o 


is 

LU 


o 
o 
o 

ffl 
3 
_  CO 

2  of 

-J  Cl 
I  O 

o  o 

g> 

X  X 

UJ  o 

gs 

oia 

UJ  -j 

12 

s55 

UJ 

z 


1 —  •  ■ 


o 

< 

Q. 

< 

O 

H 

Z 

o 

CL 

co 

z 

< 

CC 

K 


c o 
ui 


< 

z 

fe 


CD 

UJ  o 

=  § 

UJ  UJ 

Sg 

<  fc 
z  z 

UJ  < 

x£d 

2§s 

X  h-  C/3 


CO 

CO 

UJ 

z 

UJ 

s’! 

UJ  UJ 

a 

LL 

UJ 


z 

z 


62 

2$ 
O 

I 

Q 
-J 


UJ 


CD 

3 

< 

• 

Z 

UJ 

LL 

CO 


z 

UJ 
0. 

x  e/3 
ujg 


< 

z 

t— 


z 

UI 

LL 

CO 


< 

6 

UI 


< 
z 

I- 

uj  z 
x  uj 


§ 

>- 

D 

< 

UJ 

& 


z 

z 

3 

O 

z 

UJ 


o 

o 


o 

H 

§<o 

CL  5 

?S 

z  g 

5< 

CO  s 

-*8 


UJ 


9 

o 


< 
o 

I- 

z 
o 

£  o 

CL  Z 

Si 

§£ 

3  UJ 

UJ  CD 
NZ 
O  5 
z  I 

LL  Z 

•  a 
c  z 

UJO 

CO  co 
z  ui 

iij 
fB  2 
Si  5 

$Sui 

gps 

<qZ 
ui  2  N 
£  UJ 
co  cj  lli 

2  <  Z 

3  2a 


9 

5 

o 


< 

z 

< 

a 

LU 

CO 

I- 

z 

< 

z 

UJ  z 
cd  o 

x  E 

a  < 
uj  z 
x  < 
j—  a 
z  ui 

<<o 

O  CD 
Z  2 
ffl  h* 

3| 

Eg 

22 

S> 

££ 

I  lli 

z  > 

ui  □ 
a  uj 
co  Q 

<% 

M 

co  o 
co  < 

<  uj 
S  z 


o 

Q 

X  O  > 

ozb 

HlUd 

o  a  03 

Si? 

x  5  co 
ojz 
SZQ 

o  u  a 

§wo 

O  2  2 

g  Si 

O  >r 
'  CO  j 
CO  CC  5 

Spz 
i^O 
o  <  p 
uj  Q  < 

X  <  g 
>  X  03 

fc  LLI  > 

-I  ’• 

fflfflCD 

<  —I  z 
hO^ 

«>o 

g“o 

2“S 

?§§ 

P<2 

O  &  Q 

m  X  QJ 

““S 

<  0.  0 
5nO 

g  g  O 

O  H  • 
Z  Xg 

eSo 


267 


SUMMARY 


_  X 
DO 

Z  Li. 
<  CO 

c n\H 
zo 

gS 

<g 

°x 

5a 

Q.  f— 


X 

x 

H 


z 

LU 


-  X 

-  o 

CO  < 

111 5  . 

O  <  : 

zSco 

UJ  -J  z 

X  <  o 

Li-  g  CO 

x  £co 

QZS 

<  O  < 

OCO=J 

E  lu  > 


go 

—  LU 
CO  DC 


O 

UJ  D 


LUC< 

5S> 

<F=x 

LU  <  < 
CC  DC  I- 

Kgi 

hOS 


IU 

X 

H 

ui 

I 

CO  UJ 


LU 

X 

H 

LU 

X 

< 


h- 

O 


N 

CO  S  o 

y  H 
2  O 
< 

X 
< 


-J 

CL 


o 

CO 

o 

-I 

< 

o 


^  UJ 


CC 

o 


o 

UJ 

h- 

< 

H 


X 

LU 

x 

LL 

O 


Z  CO  UJ 

X  CO  2 

O  LU  ~ 

uofU 


CO 
UJ  CO 


uQ  LU 
X 


O 

o 

-I 

o 

z 


D 

LU 

UJ 


X 

UJ 

o 

5 

X 

LU 


io^ 


co 

CO 


o 

LU 

H 

O 

coO 


o 

> 

O 

Q 


< 

ffl 


tz 
ox 

UJ  LU  O 
X  X  LU 
hWh 


UJ 

LL 


UJ 

O 


<  = 


X 

o 

LL 

X 

UJ 

x 

> 

a 

z 

LU 

> 

X 

Q 

5 

o 

z 

o 

X 

H 

CO 

UJ 

X 

o 

s 

UJ 

X 

< 

CO 


CO 

CO 


£ 

IS 


> 

H 

ffl 

< 

-I 

UJ 

X 


|i 

2< 

□ 


5 

< 

LL 

X 

LU 


LL 

O 


UI 

O 


o 

5 

N 

oS 

UJ 


X 

H 


X 

CO 

ol 


X 

o 

X 
X  CO 
UJ  CO 
Q.  ^ 
UJ 

o 
< 

X 
CO 

I 


o 

< 

X 

< 

X 

o 

< 

z 

LU 


o 


□  UI  o 

dir 

£°-< 

P  b !? 


x  > 

05 

x2 

ox 

2t 

x  2 
0“ 

XCC 

DP 

UJ  x 
UJ  CO 
Z  H 

UI  £2 

XX 
H  UJ 


<  UJ 


< 

Q 


O 

X 

X 

LU 

O 

z 

< 

X 

CO 

o 

UI 

UI 


X 

X 

> 

CO 

CO 

X 

z 

Q 

< 

X 

X 

1 

H 

X 

o 


o 

H 


268 


POWER  SYSTEMS 

AND  THERMAL  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  THERMAL 

MANAGEMENT  DECEMBER  6-9,  1988  MANAGEMENT 


"O 

3 1 

IS. 

iw 


269 


POWER  SYSTEMS 

AND  THERMAL  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  THERMAL 

MANAGEMENT  DECEMBER  6-9,  1988  MANAGEMENT 


O 

0) 

£  CD 

2  C 
C  2 
=  O  CD 
U5  Z.  C 
=  T3  O 
ojo 

o  2  O 
N  3  E 
c  E  ~ 

w  P 

oi2 

O  -1 


CD 

*D 

O 

CD 

>! 

O)  c 

o»i) 

■a  o  .§  .£ 

•2  j=  «  = 

—  o  Q.  O 
■g  o  .><  co 
0)  h  HI  IL 

2  .  .  . 


270 


POWEF1  SYSTEMS 

AND  THERMAL  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP  THERMAL 

MANAGEMENT  DECEMBER  6-9,  1988  MANAGEMENT 


271 


acceptable  design  conservatism 
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Supports  subsystem  and  system  optimization 
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Zero  "g"  and  short  term  accelerations 
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Higher  Transport  Capabilities 
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Thermal  Storage 
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Photographic  Observations  (data  limited  to  aircraft  trajectories) 
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Load/Flow  Control  Strategies 
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♦  Technology  issues  were  ranked  from  1  to  10,  with  the  most  important 
receiving  10  votes,  the  next  9  votes,  etc. 
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Technology  issues  were  ranked  from  1  to  10,  with  the  most  important 
receiving  10  votes,  the  next  9  votes,  etc. 
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Technology  issues  were  ranked  from  1  to  10,  with  the  most  important 
receiving  10  votes,  the  next  9  votes,  etc. 
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-  CRYOGENIC  HEAT  PIPES 

-  LIQUID  METAL  HEAT  PIPES 

-  INTERMEDIATE  TEMPERATURE  HEAT  PIPES 
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ORGANIZATION 
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THEME  SESSION  OBJECTIVES 
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Priority  listing  of  critical  space  technology  needs  and 
associated  space  flight  experiments,  recommended  by 
aerospace  community. 
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HIGH  POWER  ELECTRIC  PROPULSION  FOR  LUNAR/PLANETARY  EXPLORATION 
AND  CARGO  VEHICLES 

—  VERY  LONG  LIFE,  HIGH  PERFORMANCE  ION  &  MPD  SYSTEMS 
-  GROUND  FACILITY  (POWER/PUMPING/VACUUM)  CAPABILITY  TO 
PROVIDE  ADEQUATE  SPACE  SIMULATION  NOT  ESTABLISHED 
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DEMONSTRATION  OF  ADVANCED  TECHNOLOGY 
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ASSESS  THE  MERIT  OF  DEVELOPING  A  TESTBED  CAPABILITY 
FOR  PROPULSION,  PROBABLY  AS  A  COMBINED  FACILITY 
APPLICABLE  TO  OTHER  ADVANCED  TECHNOLOGIES, 

SUCH  AS  POWER 
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ENGINE  LIFE  AND  PERFORMANCE 
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KNOWN  TO  CONTAIN  ERRONEOUS  ASSUMPTIONS 
WHERE  BASIC  PHYSICAL  UNDERSTANDING  IS  MISSING 
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IMPROVED  DIAGNOSTICS  NEEDED 
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IN-SPACE  DEMONSTRATION  REQUIRED  TO  PROVIDE 
ACCEPTABLE  RISK  FOR  USERS  OF  SEP! 
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CONTAMINANT  (i.e.,  DROPLET)  GENERATION  AND  TRANSPORT 
IS  ALTERED  BY  GRAVITY  IN  GROUND  TESTS 


INADEQUATE  MODEL  OF  SURFACE  INTERACTIONS? 
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INTERDISCIPLINARY  RESEARCH 
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IN-SPACE  EXPERIMENTATION  REQUIRES  LONG  LEAP  TIMES 
-  May  Exceed  Degree  Lengths 
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Group  Participation 
Single  Shot  Experiments 

In-Depth  Understanding  from  Limited  Information 
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INTERDISCIPLINARY  PROGRAMS 
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IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
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FLUID  MGMT  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
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SYSTEMATIC  AND  STRUCTURED  PROGRAM  OF  CONDUCTING  LOW-GRAVITY  FLUIDS 
EXPERIMENTS  GUIDED  BY  THEORETICAL  ANALYSES  AND  NUMERICAL  SIMULATION 
TO  PROGRESSIVELY  BUILD  UNDERSTANDING  AND  DATA  BASES 
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INACCURATE.  AND  POTENTIALLY  MISLEADING 


FLUID  MGMT  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
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FLUID  MGMT  IN-SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
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•  EXISTENCE  OF  CRITICAL  TIMELINE  FOR  DATA  ACQUISITION 


IN -SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
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-  FLOW  CONDENSATION  EXPERIMENTS 

-  MULTIPLE  BUBBLE/DROP  COALESCENCE  &  MIGRATION  EXPERIMENTS 
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Fluid  Mngmnt.  IN-SPACE  TECHNOLOGY 
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required  in-space  experimentation 

problems  caused  by  lack  of  predictive  understanding 
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reliability  decreases. 

Technology  Need:  Accurate  prediction  of  the  required  acceleration 
needed  to  de-stabilize  an  interface 
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Interface  slosh  dynamics  •  Interface  configuration 

Liquid  dynamics  in  a  spinning  tank  •  Interface  stability 

•  Large  interface  motions 
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IN  SPACE  TECHNOLOGY  EXPERIMENTS  WORKSHOP 
DECEMBER  6-9,  1988 
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•SOUND  MODELLING  IS  NEEDED  ALONG  WITH  CAREFUL  SPACE  EXPERIMENTS  IN 
ORDER  THAT  DESIGN  METHODS  BE  AVAILABLE  IN  THE  NEAR  FUTURE. 
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THICKNESS  OF  CONDENSED  FILM  (CALC'N  OF  HEAT  LOSS  &  P) 
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CORRELATION  WILL  BE  OF  LIMITED  USEFULNESS. 
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